Abstract: An integrated approach to produce orbital angular momentum (OAM) superposition states has been demonstrated. Superposition states between two vector OAM modes have been achieved by integrating a superimposed angular grating in one silicon micro-ring resonator.
Introduction
OAM is associated with the transverse spatial structure of the wave front, which is defined in an unbounded infinitedimensional Hilbert space for photons [1] . Therefore it is in principle possible to encode a much larger amount of information in the OAM degree of freedom [2] . Here we demonstrate another extremely simple and scalable approach to generate OAM superposition states by integrating superimposed angular gratings in a single WGM resonator. This approach could generate arbitrary superposition of OAM states with the same or opposite chirality. The topological charge difference between the OAM states is determined by the difference in the number of element in the original gratings being superimposed, while the absolute values of the topological charge can be varied by detuning the cavity resonant with respect to the light wavelength. The relative weight of the OAM states can be varied by varying the size of the grating elements. The operation principle of the device is based on the coupling of whispering gallery modes (WGMs) in a micro-ring resonator to free-space propagating OAM modes through angular gratings embedded within the micro-resonator [3] . The generated OAM mode order, l , is defined by the resonant WGM order, p , and the number of scattering elements in the ring, q , as l p q . The structures of the superimposed angular grating device are illustrated in Fig.  1 (a, b) . To create superposition states of OAM in a similar device, superimposed gratings are introduced into the WGM resonator [4] . Here two sets of angular gratings with different periods ( 1 / and 2 / ) have been superimposed onto a ring resonator, which generates a superimposed grating envelope with multiple beat perturbations, as shown in Fig. 1 (a3) . Sinusoidal shaped profiles are chosen for each grating and they are simply summed to give an effective and achievable superpositional waveguide width variation. The superimposed angular grating perturbation as a function of the azimuthal angles in the polar coordinate centered at the center of the micro-ring, A T , can be written as Fig. 1 (c) shows the measurement setup. The light from a tunable laser is coupled into the bus waveguide using a tapered lens fiber. The radiation spectra, which play a guiding role in the measurement followed, have been obtained by monitoring the full power behind the objective lens using a photo-detector, while scanning the wavelength of the input laser. To confirm the OAM components, a spatial light modulator (SLM) based OAM analysis system have been used. By changing the fold value, H , of the fork dislocation in the grating holograms, the OAM mode components in the linearly polarized beam will be in turn transformed into the 0th-order mode (Gaussian beam) with a bright center. By reading the on-axis intensity of each image captured on the IR-CCD camera, the relative weight of the corresponding OAM mode components could be measured [5] . At one resonance wavelength, the OAM spectrum of the superposition OAM states from the two-beat grating device and from the three-beat grating device have been measured by recording the on-axis intensity of a series of SLM-diffracted patterns while changing H , as shown in Fig. 2 . The insets are the corresponding far-field patterns of the superposition OAM states being analyzed. These patterns can be explained by interference of the two vector OAM modes. The normalized weight of the two radiated beams are nearly equally distributed into states 1 and 1 with the values of 45% and 41% (Fig. 2 a) , and into states 1 and 2 with the values of 36% and 34% (Fig. 
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